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Title: “Process for the production of light olefins from

synthesis gas”.

DESCRIPTION

I'iteld of application

0 In 1ts most general aspect, the present 1invention relates

to the production of light olefins, such as ethylene and

propylene.

In particular, the present 1invention relates to a new
process for preparing light olefins, such as Cy,_4 olefins,

10 with high vyvield and selectivity from synthesis gas.

Prior Art

The conversion of hvdrocarbons 1nto light olefins such as
ethylene and propyvlene 1s an i1mportant 1ndustrial process
as light olefins are valuable starting chemicals widely
15 used i1n the production of several materials as plastics and
polyolefins products such as polyethylene, polypropvlene

and co-polymers thereotf.

Important sources of hydrocarbons for conversion 1nclude

natural gas as well as refinery gases such as naphtha oz

20 other oi1l-based products.

In one 1industrial process, which 1s the more widely used

worldwide, light olefins such as Cy.4 olefins, are produced

by steam cracking or fluid catalytic cracking of cracker

Teedstocks composed of naphtha hydrocarbons.

20 The vyvield of light olefins, particularly of ethylene from a
naphtha cracker depends upon the hydrocarbon content 1n the

fTeed. Ethylene vields are highest when the feed 1s composed
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of high concentrations of paratffins, particularly 1linear
raraffins. However, only limited supplies of highly linear
paraffin feedstocks are avallable from petroleum

refineries.

In addition, 1t should be considered that the cost of o1l
and oll-based products have increased 1n the last years and
15 expected to i1ncrease further 1n the future and this has
driven the search for alternative processes Lo produce
hyvdrocarbons starting from other sources, such as natural

gas, coal and renewable sources as biomass.

In this connection, regarding the production of 1light
olefins, another 1ndustrial process has been developed
which 1nvolves the 1nitial production of synthesis gas
(syngas), malnly 1ncluding carbon oxide (CO) and hydrogen

(HZ) and then conversion of syngas 1nto methanol which 1s

1n turn converted into light olefins.

The syngas may be easily obtained from non o1l-based
sources, 1n particular natural gas which can be converted

to syngas throiagh conventional steam reforming processes.

It 1s also kmpowrn xn Lhae art Lo Droduce Svagas hy converting
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conventional processes and the resulting methanol can be
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transported to existing plants for light olefins production
or used 1n an 1ntegrated plant for methanol and light
olefins production, where methanol 1s converted 1nto light

olefin througan conventional methanol to o¢lefins (MTO)

pPprocesses.

MTO processes are also well known 1n art and usually allow
to obtailn light olefins, varticularly ethvylene and
propvlene with relativity high vield and high selectivity

which can usually be more than 80%.

As known, MTO processes need tTo use appropriate catalysts

for the conversion among which the more widely used are

sllicolaluminophosphates (SAPOs) materials, 1n particular

SAPO-34.

SAPO materials may be prepared by reactling appropriate
sources of Al, S1 and P 1n the presence of a structure-

directing agent (template) under specific ratios and

conditions.

However, the synthesis of SAPO materials 1s highly
critical. Sometimes, 1t 1s observed that, even using the

same reactants, different materials may Dbe obtained

depending on the synthesis path used, these materials

having gcame chemical composition and SAPO structure as

1dentified by X-ray diffraction but different catalytic

properties.

In addition, SAPO materials are costly due 1n particular to
the high cost of the template, thereby the overall process

for light olefins production starting from syngas and

involving a MTO ©process 1s often not cost—-effective
compared to the conventional c¢rackiling processes of o01l-

based products such as naphtha.
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This strongly limits the applicability MTO processes to an
industrial 1level even 1f light olefins may be obtained at

relatively high yield and selectivity.

The technical problem underlying the present 1invention 1S

then that of providing a process for light olefin production

from non-oil sources which allow to obtain light olefins with
high yield and selectivity while 1nvolving low costs so as to

be applicable to an i1ndustrial level.

B

Summary of Invention

It has been now found out that light olefins can be produced

with relatively high vyield and selectivity from a direct

conversion of syngas to 1light olefins without forming the
intermediate methanol that 1s then to be converted to light

oclefins through a MTO process.

According to the 1invention, the above-mentioned technical

p— 1

problem is solved by a proccss for light-olefins production

comprising the step of contacting syngas with a 1ron-based
catalyst at a temperature in the range from 250°C to 350°C,

and at a pressure 1n the range from 10 bar to 40 bar.

Thanks to the present 1invention, 1t 1s advantageously

obtained a production of light olefins with a selectivity of

at least 80%.

CA 2795553 2017-09-27
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According to one aspect of the 1nvention, there is provided a
process for the production of C2-C4 olefins comprising the
step of contacting syngas with an i1ron-based catalyst at a
temperature in the range from 250°C to 350°C and at a
pressure 1n the range from 10 bar to 40 bar, the catalyst
including iron and/or iron oxide particles as active
component arranged on a metal oxide support or matrix chosen
from the group 1including alumina, titania, silica, magnesium
oxide, sllica—-alumina, ferrous materials and mixtures
thereof, wherein said 1ron-based catalyst includes nano-sized
Fe particles as active component which are dispersed on a
support or matrix, sald nano-sized Fe particles being Fe
nano—-particles, Fe alloy nano-particles, nano-particles
having an 1ron or iron alloy core and an i1ron-oxide shell or
mixtures thereof, and wherelin the catalyst 1ncludes a
promoter of the catalytic activity chosen from elements,
molecules/compounds and combinations  thereof including:
aluminium, potassium, calcium, magnesium, silicon, manganese

and copper.

According to one aspect of the invention, there is provided a

process for the production of C2-C4 olefins comprising the
step of contacting syngas with an iron-based catalyst at a
temperature in the range from 250°C to 350°C and at a
pressure 1n the range from 10 bar to 40 bar, the catalyst
including iron and/or iron oxide particles as active
component arranged on a metal oxide support or matrix

selected from the groups consisting of alumina, titania,

silica, magnesium oxlde, silica-alumina, ferrous materials

and mixtures thereof, wherein said iron-based catalyst

CA 2795553 2018-09-17
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includes nano-sized Fe particles as active component which

are dispersed on a support or matrix, said nano-sized Fe

particles being Fe nano-particles, Fe alloy nano-particles,

nano-particles having an 1ron or iron alloy core and an iron-
oxide shell or mixtures thereof, wherein the catalyst
includes a promocter of the catalytic activity chosen from
elements, molecules/compounds and combinations thereotf
consisting of: aluminium, potassium, calcium, magnesium,
sillicon, manganese and copper, and wherein said nano-sized Fe
particles are substantially spherical and have a dilameter

less than 50 nm.

Detailed Description of the Inventlion

In the following description, the term “light olefins” means
unsaturated hydrocarbons CZ-C4, particularly ethylene and

propene.

CA 2795553 2019-01-21
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In addition, tae term “synthesis gas or syngas” means a gas
mixture mainly comprising CO and HZ obtained by conversion

of non-01l sources.

In particular, the syngas may be obtained by converting

natural gas through conventional steam reforming processes
or by converting other non-011 sources, 1n particular coal

Or renewable gsources such as biomass through conventional

processes.

Depending on tahe quality of the syngas, 1t may be desirable

to purify the syngas prior to the conversion to 1light

olefins according to the 1nvention to remove carbon dioxide
produced during the syngas reaction, and any sulfur
compounds, 1f they have not already been removed. 1In
particular, sulphur 1s a strong poison for the 1ron-based

catalyst and should be removed as much as possible, for

instance to a sulphur content i1in the syngas to be converted

lower than 1 ppm.

This can be accomplished by contacting the syngas with a

mi1ldly alkaline solution (e.qg., agueous potassium

carbonate) 1n a packed column.

According to the 1nvention, the term “high selectivity”

means a content of C,.4, olefing, particularly ethvyvlene and

propylene, 1n gaseous reaction products obtained from the
conversion of syngas on 1ron-based catalyst under the
conditions of the 1invention, of at least 803 by weight,

preferably 85-90% by weight.

According to a preferred embodiment of the 1invention, the

dlirect conversion of syngas to light olefins 1s carried out
at a temperature in the range from 300°C to 350°C and at a

pressure 1n the range from 10 bar to 40 bar.
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The syngas may have a H2:CO molar ratio 1n the range from
1.5 to 2.5. The syngas may c¢ontain up to 5.% of 1nert

gaseous components.

Preferably, the syngas has a H2:CO molar ratio around 2:1.

Without being bound to a theory, 1t 1s believed that the

direct conversion of syngas to light olefins i1nvolves the

followling reactions:

n CO+ 2n H, =2 CyHsy, + n H,O (grow chain reaction)

cO + H,O0 = H, + CO, (shift reaction)

The first reaction 1s conventionally known as Fischer-
T'ropsch (FT) reaction but, as known 1n the art, 1t provides

liguid fuels, such as gasoline (Cy,-Cq1) and diesel (Cg-Cyy).

However, according to the 1invention, 1t has been found out,
surprisingly, that grow chain 1n the FT reaction can Dbe
relatively low by using a 1ron-based catalyst 1n the FT
reaction and operating the FT reaction at a temperature
from 250°C to 350°C and at a pressure in the range from 10
bar to 40 bar. This advantageously allows to shift the

selectivity of the syngas conversion towards light olefins.

In the process according to the 1nvention, such selectivity
for light olefins 1s fully comparable to that obtained from
MTO processes and 1t 1s at least 80% and preferably between

dgos and 90%.

Iron—-based catalysts are commonly used 1n ammonia synthesis
processes from hydrogen and nitrogen as disclosed for

example in the US patent application No.2009/0202417.
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In the process according to the 1nvention, the catalyst
includes i1ron and/or 1iron oxides particles as active
component (s) walch may be arranged on a metal oxide support

or matrix. Sultable metal oxide supports or matrices which

can be used 1i1nclude alumina, titania, silica, magnesium

oxl1de, silica-alumina, ferrous materials such as magnetite,

wustilite, cordierite and the like, and mixtures thereof.

I'he catalyst may also contain a promoter of the catalytic
activity. The promoter may Dbe chosen from elements,
molecules/compounds and combinations thereof including:

2luminium, protassium, calcium, magnesium, silicon,

manganese and copper.

Preferably, the catalyst may comprise one or more promoters
chosen from the 1list 1indicated above 1n a percentage of
0.1-5% by weigat on the weight of the support or matrix. If
the content of promoter(s) 1s less than 0.13, the

production of methane and paraffin may 1ncrease. In

contrast, 1f the content of promoter(s) exceeds %
reaction activity and olefin vyvield are not significantly

increaced.

T'he most preferred promoters for catalvlic activity used 1in
the present invention are elements, molecules/compounds and
combination taereof 1ncluding manganese, potassium and

copper.

In this connection, potassium and copper promoters allows

Lo 1ncrease adsorption of CO on the metal surface (the

metal being iron (Fe) and/or iron oxides (FeOx)) providing
an electron donor, thereby enhancing the grow chailn

reaction rate.



10

1o

20

2D

CA 02795553 2012-10-D4

WO 2011/141374 - 8 - PCT/EP2011/057307

Manganese compounds, 1n particular manganese oxide (MnO),
are very useful as they i1ncrease the selectivity of the FT

reaction to light olefins.

A particularly preferred 1ron-based catalyst 1ncluding
manganese (Mn) and potassium (K) promoters 1s particularly
preferred 1n the process of the 1nvention as 1t allows

enhancing the selectivity for light olefins up to 85-90%.

The preparation of the 1ron-based catalyst used 1n the

process according to the 1nvention can be carried out by

conventional processes normally used for preparing 1ron
catalysts for ammonia synthesis. Such processes 1nclude
precilplitation of Fe particles onto the catalyst support or

melting processes.

A sultable melting process 1nvolves melting of a Fe
compound such as magnetite (Fe304) optionally with promoter

compounds followed by cooling and solidification. The

resulting porous material 1s then crushed 1nto granules at
the desired size. Active catalyst 1s then produced by
reduction of 1ron oxides with hydrogen and nitrogen gas

mixture, to gilve porous 1ron and unreduced promoter oxides.

The si1ze of the 1ron-based catalyst used 1n the present
invention may be preferably 1n the range of 1-10

millimetres.

A particularly preferred catalyst 1ncludes nano-sized Fe

particles as active component.

As used herein nano-sized Fe particles means Fe nano-

particles, Fe alloy nano-particles, nano-particles having

an 1ron or 1ron alloy core and an 1ron-oxide shell or

mixtures thereof.
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Preferably, the content of nano-sized Fe particles 18
comprised between 1% and 5% by weight on the weight of the

support or matrix.

The particles are preferably substantially spherical and

have preferably a diameter 1less than about 50 nm, more
pretferably between about 15 and 25 nm, and most preferably

between about 1 and 15 nm.

These particles can be produced through conventional
procesgses for example by wvapor condensation 1n a vacuum

chamber as disclosed 1n the patent US 7282167.

The nano-sized 1ron catalyst particles are disposed on a
support material configured to disperse or separate the
rarticles. In this way, 1ron sgcintering could be minimized

and catalysis efficiency could be maintained over tTime.

The process according to the 1nvention can be carried out
1n a variety of reactors for example, fixed bed reactors
contalning one or more catalyst beds, slurry reactors,
fluidized bed reactors, or a combination of different type

reaCtors.

The catalyst may also Dbe activated pricor to use 1n a
conventional manner. This may be accomplished for example
by reducing the catalyst under hydrogen atmosphere at 350-

550°C and normal pressure for 1-24 hours.

As the FT reaction 18 highly exothermic, the process
according to the 1nvention may also 1nclude the step of
removing the reaction heat 1n a continuous or discontinuous

way. This may be accomplished by using reactors equipped

with appropriate cooling means such as cooling plates

internally crossed by a cooling fluid.
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In this way, local overheating in the reactor 1s avoided
which may compromise the catalytic activity and/or may

promote Fe sintering.

The present 1nvention will be now described with reference

to the followling examples that are given for 1ndicative and

non-limiting parpose.
EXAMPLE 1

Direct conversion of syngas to light-olefins was performed
using a catalyst containing nano-sized Fe particles

dispersed oOon a matrix consisting of magnetite.

The percentage of nano-sized Fe particles was 13 by weight

on the weight of the matrix (magnetite).

The nano-sized Fe particles were prepared according to the
condensation process disclosed in US7282167. They comprised
a Fe core and an 1ron-oxide coating and had average

diameters from 15 to 25 nanometers.

The catalyst also contained 1% of Cu and 2% of K as
promoters 1n percentages by weight on the weight of the

support (magnetite).

The catalyst was 1introduced 1n a fixed bed reactor and
then, under a condition of 320°C and 20 bar, a svngas was

flown at a SV (space velocity) of 500 wvol./vol catalyst/hr.

The reaction products were determined by sending the
gaseous phase of a sample toc a GC (gas chromathograph)
after cooling and separation of the ligquid phase. The total
amount o©f higher hydrocarbons 1n the liquid phase was

determined by weighting.
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The maln reaction products were propene and ethylene. The
selectivity for C2-C4 light-olefins was about 85% while the

CO conversion was about 92%.

Example 2

Direct conversion of syngas to light-olefins was performed

as 1n example 1 but with the difference that the catalyst

contained K and MnO as promoters.

The content of saild promoters was 23 MnO and 23 of K 1n

percentages by weight on the weigh of the matrix.

The reaction products were determined by sending the
gaseous phase of a sample toc a GC (gas chromathograph)
after cooling and separation of the liguid phase. The total
amount of higher hydrocarbons 1n the 1ligquid phase was

determined by weighting.

The maln reaction products were propene and ethylene. The
selectivity for CZ2-C4 light-olefins was about 85% while the

CO conversion was about 95%.

EXAMPLE 3

Direct conversion of syngas to light-olefins was performed

using a catalyst containing Fe (non nano-sized) particles

precipltated from an agueous solution containing Fe (IITI)

nitrate on a sJapport (matrix) consisting of magnetite.

The catalyst also contained 23 of MnO and 2% of K as

promoters 1n percentages by weight on the weight of the

support (magnetite).
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The catalyst was activated prior to use by reduction under

hydrogen atmosphere at normal pressure and 480°C for 12

hours and 1t was tested 1n the same way as example 1.

The main reaction products were propene and ethylene. The

selectivity for C2-C4 light-olefins was about 85% while the

CO conversion was about 95%.



10

15

20

23

30

— 13_

CLAIMS

1. A process for the production of C2-C4 olefiné comprising
the step of contacting syngas with an i1ron-based catalyst at a
temperature in the range from 250°C to 350°C and at a pressure
in the range from 10 bar to 40 bar, the catalyst including iron
and/or iron oxide particles as active component arranged on a
metal oxide support or matrix selected from the group consisting
of alumina, titania, silica, magnesium oxlde, sililica-alumina,
ferrous materials and mixtures thereof, wherein said iron-based
catalyst 1includes nano-sized Fe particles as active component
which are dispersed on a support or matrix, said nano-sized Fe
prarticles being Fe nano-particles, Fe alloy nano-particles,
nano-particles having an 1iron or 1ron alloy core and an 1ron-
oxide shell or mixtures thereof, wherein the catalyst 1ncludes a
promoter of the <catalytic activity <chosen from elements,
molecules/compounds and combinations thereof consisting of:

aluminium, potassium, calcium, magnesium, silicon, manganese and

copper, and wherelin said nanc-sized Fe particles are

substantially spherical and have a diameter less than 50 nm.

2. The process according to claim 1, wherein said nano-sized
Fe particles have an iron or i1ron alloy core and an 1ron-oxide

shell or mixtures thereof.

3. The process according to claim 2, wherein the content of

sald nano-sized Fe particles 1s comprised between 1% and 5% by

welght on the weight of the support or matrix.

4. The process according to claim 1, wherein the catalyst

1ncliudes a Mn promoter and a K promoter.

CA 2795553 2019-01-21



5. The process according to <c¢laim 1, wherein the ferrous

materials are selected from the group consisting of magnetite,

wustite, corderite and mixtures thereof.

6. The process according to claim 1, wherein said metal oxide

support or matrix i1s magnetite.

7. The process according to claim 1, wherein sald contacting

10 step is carried out at a temperature from 300°C to 350°C.

8 . The process according to claim 1, wherein the syngas has a

H2:CO molar ratio in the range from 1.5 to 2.5.

15 9. The process according to claim 1, wherein the catalyst
includes one or more promoters 1n a perxcentage of 0.1-5% by

weight on the weight o©f the support or matrix.

10. The process according to claim 1, further comprising the
200 step of removing the reaction heat formed by the syngas

conversion in a continuous or diliscontinuous way.

11. The process according to claim 1, wherein sald nano-sized
Fe particles are substantially spherical and have a diameter

25 between 15 and 25 nm.

12. The process according to claim 1, whereln said nano-sized
Fe particles are substantially spherical and have a diameter

between 1 and 15 nm.

30
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13. The process according to c¢laim 4, wherein the catalyst

includes MnO and a K promoter.

14. The prdcess according to claim 8, wherein the syngas has a

5 H2:CO molar ratio around 2:1.
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